Introduction {#Sec1}
============

Respiratory infections constitute a major public health problem due to a high incidence rate, mortality, and well-documented healthcare and economic burden (Brydak and Nitsch-Osuch [@CR5]; Stefańska et al. [@CR14]). Fifty to eighty percent of acute respiratory infections are viral ones (Nitsch-Osuch et al. [@CR11]).

The multiplex RT-PCR method is a highly sensitive alternative to other diagnostic procedures (Templeton et al. [@CR15]). It saves time and reagents necessary to test samples for the presence of genetic material of respiratory viruses, which also expedites the introduction of proper treatment (Stefańska et al. [@CR13]). The methods enables to detect several co-infecting contagions during a single test. The most common respiratory viruses are influenza virus type A and B, respiratory syncytial virus, parainfluenza viruses type 1, 2, 3, and human rhinovirus, human metapneumovirus, adenovirus, and human coronavirus (Do et al. [@CR8]).

Influenza is a disease which, due to its constant evolution, causes persistent epidemics and less frequently pandemics (Brydak [@CR4]). Co-infections with influenza viruses may induce re-assortment between the viruses, leading to a more pathogenic subtype (Liu et al. [@CR10]). In particular, co-infections with different subtypes of influenza A virus constitute a likely source of reassortants that can acquire unpredictable properties (Pajak et al. [@CR12]). A sectional structure of the influenza virus genome brings about the variation of genotype and phenotype of the virus. When the host cell is infected with more than one strain, viruses equipped with a new set of genes may appear. Considering the essential role of co-infections in spread and severity of the disease, the goal of this study was to determine the frequency and a crisscross pattern of co-infections with influenza and influenza-like viruses.

Methods {#Sec2}
=======

Material {#Sec3}
--------

The study protocol was approved by an institutional Ethics Committee. In total, during the influenza season 2015/2016 in Poland 8542 samples from patients of all ages were tested. Swabs from the nose and throat and the washings from the bronchial tree (BALF) were taken. Specimens were tested in the Department of Influenza Research of the National Influenza Center in the National Institute of Public Health -- National Institute of Hygiene and Voivodeship Sanitary Epidemiological Station in Poland. The samples prior to analysis were stored at −80 °C. Clinical specimens were collected from week 40 week of 2015 to week 34 of 2016 (October 1, 2015 -- August 28, 2016).

Isolation of Viral RNA {#Sec4}
----------------------

RNA of respiratory viruses from clinical specimens were isolated using Maxwell 16 Viral Total Nucleic Acid Purification Kit (Promega Corporation, Madison, WI) in 200 μL sample suspended in PBS, according to the manufacturer's instructions. RNA was suspended in 50 μL RNase-free water.

Real-Time qRT-PCR {#Sec5}
-----------------

The tests were performed using quantitative polymerase chain reaction RT-PCR. The analysis was carried out in the Roche Light Cycler 2.0 system. The qRT-PCR reactions were performed in capillary tubes of 20 μL volume with 0.5 μM primers and 0.2 μM probe for each reaction. The probes and primers were obtained from the Influenza Reagent Resources (IRR) program operated by the Centers for Disease Control and Prevention (CDC [@CR6]). The reaction mixture contained MgSO~4~, reaction buffer, BSA, RNase free water, Super Script®III/platinum Taq mix, with the addition of 5 μL of RNA for each sample. A positive control consisted of RNA strains being components of the influenza vaccine for the season 2015/2016: A/California/7/2009 (H1N1pdm09), A/Switzerland/9715293/2013 (H3N2), B/Phuket/3073/2013, and a negative control was provided by RNase-free water. Before the start of amplification, viral RNA was rewritten to cDNA, using the reverse transcriptase enzyme at 50 °C for 30 min. Then, samples were analyzed according to the following scheme: initialization at 95 °C for 2 min and 45 cycles of amplification: denaturation at 95 °C for 15 s, annealing at 55 °C for 30 s, and extension at 72 °C for 2 min.

Conventional Multiplex RT-PCR {#Sec6}
-----------------------------

Samples were tested using an RV12 ACE Detection Kit (Seegene; Seoul, South Korea) that enables to detect such respiratory viruses as influenza type A and B, adenovirus (AdV), human respiratory syncytial virus A and B (RSV A and B), human coronavirus OC43 (hCoV OC43), human metapneumovirus (hMPV), rhinovirus A/B (RVA/B), human coronavirus 229/NL63 (hCoV 229/NL63), and parainfluenza type 1, 2 and 3 (PIV-1, PIV-2, PIV-3). Random hexamer-primed cDNA synthesis products were generated using the first strand cDNA synthesis kit (Fermentas; York, UK), according to the manufacturer's instructions. Each cDNA preparation was subjected to the RV12 PCR procedure according to the manufacturer's instructions (Seegene; Seoul, South Korea). The reaction products were detected using agarose gel electrophoresis.

Results {#Sec7}
=======

In the influenza season 2015/2016 73, co-infections with influenza viruses were reported, as shown in Table [1](#Tab1){ref-type="table"}.Table 1Influenza co-infections during the 2015/2016 epidemic seasonAge (n)Influenza type A virusesA/H1N1/pdm09 + A/H1N1/1 yr (1)A/H1N1/pdm09 + A/H1N1/4 yr (1)A/H1N1/pdm09 + A/H3N2/5 yr (1)A/H1N1/pdm09 + A/H1N1/46 yr (1)A/H1N1/pdm09 + A/H3N2/63 yr (1)A/H1N1/pdm09 + A/H1N1/65 yr (1)Influenza type A + BA/H1N1/pdm09 + B1 mo (1)A/H1N1/pdm09 + B1 yr (2)A/H1N1/pdm09 + B2 yr (2)A/H1N1/pdm09 + B7 yr (1)A/H1N1/pdm09 + B9 yr (1)A/H1N1/pdm09 + B12 yr (2)A/H1N1/pdm09 + B29 yr (1)A/H1N1/pdm09 + B34 yr (1)A/H1N1/pdm09 + B49 yr (1)A/H1N1/ + B65 yr (1)A/H1N1/pdm09 + B67 yr (1)A/H1N1/pdm09 + B71 yr (1)A/H1N1/pdm09 + B75 yr (1)A/H1N1/pdm09 + B82 yr (1)A/H1N1/pdm09 + B90 yr (1)Unsubtyped influenza virus type A + BA + B1 yr (6)A + B2 yr (8)A + B3 yr (1)A + B4 yr (1)A + B5 yr (4)A + B6 yr (1)A + B7 yr (7)A + B8 yr (2)A + B9 yr (2)A + B10 yr (1)A + B11 yr (1)A + B13 yr (1)A + B17 yr (1)A + B22 yr (1)A + B25 yr (1)A + B30 yr (1)A + B51 yr (1)A + B52 yr (1)A + B55 yr (1)A + B57 yr (1)A + B62 yr (1)A + B64 yr (1)A + B71 yr (2)A + B74 yr (3)A + B84 yr (1)*mo* months of age, *yr* years of age

The following types of co-infections were confirmed: subtype A/H1N1/pdm09 with subtype A/H1N1/ (4 cases), subtype A/H1N1/pdm09 and subtype A/H3N2/ (2 cases), subtype A/H1N1/ and influenza virus B type (1 case), subtype A/H1N1/pdm09 and influenza type B (15 cases), and co-infection of unsubtyped type A with type B virus (51 cases).

Co-infections were reported in people of all ages, from month 1 to 90 years of age. Most co-infections caused by influenza viruses were reported among children up to 4 years of age (22 cases), in the other age-groups the number of co-infections was lower: 5--9 years -- 18 cases, 10--14 years -- 5 cases, 15--25 years -- 3 cases, 26--44 years -- 3 cases, 45--64 years -- 9 cases, and ≥ 65 years of age -- 13 cases (Table [1](#Tab1){ref-type="table"}).

In the epidemic season 2015/2016 co-infections between influenza viruses and influenza-like viruses and among influenza-like viruses were noted, as shown in Table [2](#Tab2){ref-type="table"}. Seventeen cases co-infections with influenza and influenza-like viruses were recorded. The following types of co-infections were confirmed: subtype A/H1N1/pdm09 and RSV (5 cases), A/H1N1/pdm09 and RSV and RV A/B (3 cases), A/H1N1/pdm09 with influenza type B virus and RSV (1 case), A/H1N1/pdm09 and hCoV OC43 (2 cases), A/H1N1/pdm09 and influenza type B virus and hCoV OC43 (1 case), A/H1N1/pdm09 and influenza type B virus, hMPV and RSV (1 case), influenza virus type A and RSV (2 cases), influenza virus type A and hCoV OC43 (1 case), and influenza virus type A with RV A/B (1 case). Furthermore, six co-infections of influenza-like viruses were confirmed: RSV and hCoV 229/NL63 (2 cases), RSV and RVA/B (1 case), RSV and PIV-1 (1 case), AdV and hCoV 229/NL63 (1 case), hCoV 229/NL63, and RSV and PIV-2 (1 case) (Table [2](#Tab2){ref-type="table"}).Table 2Influenza and influenza-like viruses co-infections during the 2015/2016 epidemic seasonCo-infectionsAge (n)Influenza and influenza like virusesA/H1N1/pdm09 + RSV + rhinovirus1 mo (1)A/H1N1/pdm09 + B + RSV1 mo (1)Unsubtyped A + RSV3 mo (1)A/H1N1/pdm09 + RSV6 mo (1)A/H1N1/pdm09 + coronavirus OC431 yr (1)A/H1N1/pdm09 + RSV1 yr (2)Unsubtyped A + rhinovirus1 yr (1)A/H1N1/pdm09 + B + metapneumovirus + RSV1.5 yr (1)A/H1N1/pdm09 + RSV2 yr (2)A/H1N1/pdm09 + RSV + rhinovirus2 yr (2)Unsubtyped A + coronavirus OC432 yr (1)Unsubtyped A + RSV3.5 yr (1)A/H1N1/pdm09 + B + coronavirus OC439 yr (1)A/H1N1/pdm09 + coronavirus OC4311 yr (1)Influenza-like virusesRSV + hCoV 2291 mo (2)RSV + RV A/B3 mo (1)RSV + PIV-116 mo (1)AdV + hCoV 2292 yr (1)RSV + hCoV 229 + PIV-22 yr (1)*mo* months of age, *yr* years of age, *RSV A* respiratory syncytial virus A, *hCoV 229* human coronavirus 229, *PIV 1* parainfluenzavirus 1, *AdV* adenovirus, *RV A/B* rhinovirus A/B

Concerning the regional distribution of co-infections, most of those caused by another influenza virus were observed in the provinces of Mazovia (39 cases) and Lesser-Poland (25 cases), co-infections with more than one influenza virus were noted in Sub-Carpathian (3 cases), Lower-Silesia (2 cases), and single cases in Kuyavian-Pomeranian, Silesia, and Lublin provinces (Table [3](#Tab3){ref-type="table"}).Table 3Influenza co-infections in voivodeships of Poland during the 2015/2016 epidemic seasonCo-infectionsVoivodeshipsMasovianSub-CarpathianLesser-PolandLower-SilesianKuyavian-PomeranianSilesianLublinTotalA/H1N1/pdm09 + A/H1N1/40000004A/H1N1/pdm09 + A/H3N2/20000002A/H1N1/pdm09 + B822110115A/H1N1/ + B10000001A + B25123101051Total40325211173

Co-infections of subtype A/H1N1/pdm09 with A/H1N1/, subtype A/H1N1/pdm09 with A/H3N2/, and A/H1N1/ with influenza B virus were confirmed only in the province of Mazovia (4, 2, 1 cases, respectively). Co-infections of subtype A/H1N1/pdm09 with influenza B virus were reported in Mazovia (8 cases), Sub-Carpathian, Lesser-Poland (in 2 cases), Lower-Silesia, Kuyavian-Pomeranian, and Lublin provinces (1 case each). The most frequently confirmed co-infection was a combination of infection with influenza virus type A and B, with the most cases reported in Mazovia (25) and Lesser-Poland Province (23). Moreover, in Sub-Carpathian, Silesia and Lower-Silesia Provinces one case was confirmed per each region (Table [3](#Tab3){ref-type="table"}).

Discussion {#Sec8}
==========

The 2015/2016 epidemic season was dominated by co-infections of unsubtyped influenza A and B virus (51 cases), reported among people from 1 to 84 years of age. There were also 15 cases of subtype A/H1N1/pdm09 and influenza virus type B co-infections. Moreover, there were detected single cases of co-infections of subtype A/H1N1/ with influenza virus type B (65 years of age) and of subtype A/H1N1/pdm09 with A/H3N2/ (63 and 5 years of age). There also were four confirmed cases of co-infections between subtypes A/H1N1/pdm09 and A/H1N1/ among children up to 4 years of age and adults above 46 years of age.

Co-infections of influenza viruses with influenza-like viruses and co-infections among influenza-like viruses were reported only in children up to 11 years of age. Here, the following co-infection were detected: subtype A/H1N1/pdm09 with influenza type B virus, hMPV, and RSV (1.5 years of age). There were also four cases of co-infections with three respiratory viruses: three cases of co-infections with subtype A/H1N1/pdm09 and RSV and RV A/B, and one case of co-infection with subtype A/H1N1/pdm09, influenza type B virus and hCoV OC43 (Table [2](#Tab2){ref-type="table"}).

In the 2015/2016 epidemic season, there was a higher number of confirmed co-infections with influenza and respiratory influenza-like viruses, compared with previous seasons. In the 2012/2013 season, co-infections were as follows: ten of subtype A/H1N1/pdm09 with A/H3N2/ and 8 of A/H3N2/ with type B virus (Czarkowski et al. [@CR7]). In the 2013/2014 season, co-infections were as follows: two of subtype A/H1N1/pdm09 with A/H3N2/, seven of influenza with influenza-like viruses (two of influenza type A virus, RSV A virus, and RV A/B virus in one-day old and one-month-old children each), and three of influenza-like viruses (Bednarska et al. [@CR1]). In the 2014/2015 season, in a framework of the I-MOVE (Influenza Monitoring of Vaccine Effectiveness) program, the following co-infections were detected: seven of subtype A/H1N1/pdm09 with type B virus and eight of subtype A/H3N2/ with type B virus. In that last season, in addition, one co-infection of influenza viruses and four of influenza viruses with influenza-like viruses were noted in children under 14 years of age (Hallmann-Szelińska et al. [@CR9]). A significant increase in the number of infections with more than one respiratory virus in the 2015/2016 season could be associated with a higher number of samples tested (8542 samples) compared with the two preceding seasons (2479 and 2416 samples, respectively) (Bednarska et al. [@CR2]; Bednarska et al. [@CR1]). Nonetheless, influenza viruses constantly evolve, undergoing antigenic changes, which provides them the ability to elude the host immune response system (Webster et al. [@CR16]).
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